In order to provide anthropometric reference data of body composition of Japanese, values measured using bioelectrical impedance analysis (BIA) were summed. METHODS: Healthy subjects leading a conventional lifestyle (4,365 males and 5,970 females) were selected. Their height and body weight were measured. Body fat amount, body fat percentage, lean body mass, water content, total muscle mass, bone mass, upper arm muscle mass, forearm muscle mass, thigh muscle mass, lower leg muscle mass, and quadriceps muscle mass were measured using BIA (Physion-XP or MD, Physion Co., Ltd., Kyoto) and weight-bearing index (WBI, quadriceps muscle maximal strength/body weight) was calculated. RESULTS: Body fat amount showed an upward curve which plateaued in the age range of 40 to 79 years in both sexes. lean body mass and water content decreased after 50 years in both sexes. Bone mass decreased from the 80's in males and 60's in females. Total muscle mass, upper arm muscle mass, forearm muscle mass, thigh muscle mass, and quadriceps muscle mass decreased from the 50's to 60's in both sexes. The extent was more prominent in males. Lower leg muscle mass was nearly constant in males and females. WBI gradually decreased from the 30's in both sexes. CONCLUSIONS: To date, large-scale body composition data of healthy Japanese subjects have not been available. Application of the present data to assessment of nutrition status in various daily clinical diseases and to training and rehabilitation are expected in the future.
second proximal lead measurement, source electrodes were the same as for the first measurement, but detector electrodes were patched on the proximal ends of the radius and tibia. In these measurements, the combination of source electrodes and detector electrodes was modified from the method of Organ et al. 5) and managed by programming. In the first distal lead measurement, Z values of the right and left limbs were measured, and in the following proximal measurement, the Z values of upper arms and thighs were measured. The Z values of forearms and lower legs were calculated by subtracting the proximal lead measurement values from the distal lead values.
Lower limb muscles, especially the quadriceps muscle, play an important role in loaded movements such as walking, stepping exercises, and standing up, which are required in activities of daily living (ADL). Therefore, keeping the strength of the quadriceps muscle is recommended for the maintenance of QOL in the elderly. To assess the ability of ADL, the weight bearing index (WBI) 6,7) was calculated. That is, the quadriceps femur muscle volume and maximum strength were calculated from segmental muscle mass values and body balances (right and left, upper and lower limbs, trunk and extremities balances), and then WBI was calculated from the formula: WBI = quadriceps muscle maximum strength ÷ body weight.
The subjects were prospectively instructed to refrain from vigorous exercise, heavy alcohol intake, or taking a sauna or bath just before measurement; having a meal, high fluid intake, or waking up within two hours; and standing for an extended period as to cause swelling of lower limbs. They were also instructed to urinate or defecate before measurement, and remove any metal or magnetic items touching the skin for correct measurement. When the difference in temperature between outdoors and the examination room was 10 degrees or more, BIA were performed 30 minutes or more after entrance into the room. The room was kept at 30-85% RH (with no condensation) and 15-30°C (about 25 °C).
The limb muscle mass data obtained by BIA correlated well with the values measured using MRI. The correlation coefficient for the upper limbs, lower limbs, upper arms, and thighs were 0. 940, 0.917, 0.968, and 0.901, respectively, all were > 0.9. Collected data were recorded in the OpenOffice.org Calc (Sun Microsystems Inc.), and statistical analysis was performed using software Dr.SPSSII (SPSS Japan Inc.). For each age range, mean, central values, SD, maximum, minimum, percentile (5, 10, 25, 75, 90, 95) , and quartile of each measurement item were calculated.
Results
Height, body weight, and body weight index (BMI) values of the subjects are shown in Table 3 -5.
Body fat amount showed an upward curve which plateaued at the age range of 40 to 79 years in both sexes (Figure 1 Lean body mass tended to decrease after 50 years old in both males and females ( The weight bearing index (WBI) (Figure 14) showed a gradual decrease from 30 in both sexes, but showed a slight increase in the 90's. The regression line and correlation coefficient of age and WBI were: For the convenience to the international comparison for a muscular amount, the weight conversion value was indicated in Figure 15 (male) and Figure 16 (female). For both men and women, a remarkable part to decrease by aging was trunk muscle (abdomen muscle and back muscle) and thigh muscle. Standard deviation tended to be larger in cases with 80 years old or more.
Discussion

Bioelectrical impedance analysis (BIA)
We first discuss the bioelectrical impedance analysis method (BIA method) used in this study. Tissues with high water content such as blood, cerebrospinal fluid, and muscles have higher electric conductivity than those with low water content such as fat, bone. Bioelectrical impedance analysis is a method that enables the prediction of body composition non-invasively by measuring the impedance (resistance) of tissues during application of a very weak electric current to the body.
9,10) In the initial developmental period of BIA, a single electric frequency system was widely used in assessing the body fat percentage, but the problem of large interindividual differences because of susceptibility to water distribution was encountered. BIA has since been improved in accuracy by introduction of multiple electric frequencies.
11) More recently, crosssectional images created through the creation of three-dimensional construction of impedance values have been demonstrated.
12)
In addition, repeated comparative studies using CT scans to test for body fat amount values have allowed the relatively accurate assessment of body fat amount by BIA. 13, 14) As BIA is non-invasive, it is now widely applied in nutritional assessment in children, 15) assessment of obesity, [16] [17] [18] [19] fat-free mass assessment, 20) and assessing nutritional status in chronic hemodialysis patients.
21,22)
Accurate measurement of total body water content is possible now.
23) BIA has also been used to estimate edema in patients with lymphatic obstruction 24) and the amount of intra-and extracellular water in patients with chronic obstructive pulmonary disease. 25) In recent years, BIA has become a standard method for measuring the fat-free (bone + muscle) tissue mass of the extremities. Significant correlation (r = 0.87) between fat-free tissue mass values predicted by BIA and the cross sectional area of muscle plus bone assessed by CT method has been shown.
26) Recently, correlations of bioelectric impedance to muscle mass have been investigated. Electric resistance of extremities was shown to correlate with muscle volume as assessed by MRI, 27) and the extremity impedance index (limb length 2 /impedance) has been highly correlated with muscle mass measured using Dual Energy X-ray Absorptiometry (DEXA) (male R 2 = 0.79, female R 2 = 0.72).
28)
However, improvement is still required in the accuracy of BIA with a small number of electrodes, because values are more easily affected by body position or muscle arrayal than with MRI. 29) In an effort to improve the accuracy of BIA, comparative investigations of BIA with body composition values measured using the DEXA or MRI method have been repeated. Results have shown that segmental (upper-and lower-limb) analysis as well as the whole body data obtained with eight-electrode BIA equipment are as accurate as those with DEXA method. Concerning the lower limb muscle mass measurement, the values obtained using segmental BIA are significantly and positively correlated to those with MRI but tend to be a little higher.
30)
The measurement of skeletal muscle volume by the four-limb twelve-electrode BIA method (present equipment) is highly correlated to the results from MRI method, 8) and has been applied to the prediction of trunk skeletal muscle volume 31) and whole body skeletal muscle volume. 32) Until now, a variety of BIA equipment has been developed and used in the assessment of muscles in muscle dystrophy patients, 33) body composition in patients with pulmonary emphysema, 34) and skeletal muscle mass in elderly people. 35) With the Physion-XP and MD, current and respective impedance values were weighed and the contribution rate of impedance values was adjusted in order to obtain results highly correlated with those with the MRI methods. These models have been used for the assessment of body composition in athletes 3) and in the elderly requiring care at home. Precise evaluation of body muscle volumes might be helpful in making plans for muscle training. 
Nutritional assessment and anthropometry
At present, nutritional therapy or nutritional management without nutrition assessment is considered to be groundless and meaningless. Anthropometry is used as a basis for nutritional assessment to understand the nutritional status of patients in clinical settings and of general consumers in healthcare for appropriate nutrition support.
High-calorie infusion via a central venous line was first introduced into clinical use in the US in the late 1960s.
37) Since then, this method has become widely accepted all over the world based on its nutritional usefulness. In Japan, a number of patients with gastrointestinal disease became critically ill due to postoperative nutritional disorders in the 1970s. Nutritional disorders were also observed in internal medicine and pediatrics. After its introduction to Japan, high-calorie infusion not only improved nutritional status, but also enhanced therapeutic efficacy. The safety of high-calorie infusion was improved as infusionrelated complications or adverse events were dealt with by modifying infusion devices/drugs and establishing appropriate methods for administration/management. In addition to highcalorie infusion, enteral feeding and elemental feeding have progressed since the 1980s, creating the concept of "nutrition support".
Reference values are necessary to assess health condition and nutritional status. Therefore, there should be criteria available to decide when to initiate nutritional treatment, assess improvement in nutritional status, and determine which to select if any new therapeutic method is developed. Anthropometry, serum albumin, and serum vitamin have been proposed as reference data for nutrition assessment. [38] [39] [40] In the Physical Status Report (1995) from the WHO Technical Report Series, it is recommended to use reference values of body composition for assessment of health condition and nutritional status. 41) As Asians have a very different physique to other ethnic groups, data specific to Asians are essential.
Various efforts have been made to collect Japanese reference values for body composition. First, Kim et al. published reference data on height, body weight, triceps skinfold thickness, arm circumference, and arm muscle circumference from 4791 healthy adults (3,700 males and 1,091 females) in 1982.
42) In 1997, Sugiyama et al. performed anthropometry in the elderly (601 males and 914 females) to review the significance and problems of anthropometry and assessment methods. 43) In 2001, we described the significance and methods of anthropometry based on our belief that anthropometry is essential to nutritional assessment and that it is important to screen obese or undernourished persons, plus assess the efficacy of nutritional treatment. Several reports have been published on nutrition assessment using JARD 2001. In 448 elderly people enrolled in healthcare facilities for the elderly, anthropometry was performed for comparison according to the level of need for nursing care. Each anthropometric parameter decreased with an increase in the level of need for nursing care, especially in the elderly at levels 4 and 5, in whom nutritional status markedly deteriorated. 45) In 85 patients with hepatic cirrhosis, anthropometry was performed for nutritional assessment using JARD 2001, showing that nutritional status was worse in patients with more severe hepatic cirrhosis.
46)
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Clinical application of the present anthropometric results
JARD 2001 is useful for the bedside nutritional assessment of patients, and is applicable to assessment and follow-up in the elderly and sick, especially undernourished patients. 49) In patients with hepatic cirrhosis, it was reported that TSF and AMC decreased, with the degree of decrease affecting prognosis. 50) In contrast, the present evaluation may provide useful reference data for assessment of body fat amount and muscle mass in daily life, particularly in the assessment of overnutrition, such as obesity or metabolic syndrome. It has been reported that prevalence increases in males and females with a body fat percentage of 20% or more and 25% or more, respectively. 51) As shown in the present evaluation, however, body fat percentage increases with age, reaching this threshold at a mean age bracket of the 40s in males and 50s in females. If body fat percentage increases with age, as indicated by the present evaluation, which was not designed to
Comparison between present anthropometric results and JARD 2001
Compared to the JARD 2001 data, our present data show that height was not different in males or females, whereas body weight was slightly higher in males and females aged 40 or older. As a result, BMI was relatively high in those aged 40 or older. As both sets of data were from healthy subjects, the difference might reflect a change in physique due to body weight increase over 5 years. In both evaluations, body weight decreased in older people. Body weight and BMI were similar in females aged 75 or younger, but were lower in males aged 60 or older than in younger males, an earlier decrease in males.
Triceps skinfold thickness peaked in males in their 30s and females aged around 60 in JARD 2001, whereas body fat amount peaked in both sexes in their 40s to 70s in the present evaluation. This may be accounted for by the fact that while TSF is a measure to assess subcutaneous fat in upper limbs, body fat amount is a measure to assess both visceral and subcutaneous fat. In the present evaluation, body fat percentage increased with age in both sexes. This, together with the fact that lean body weight, total body water, muscle mass, and bone mass decreased with age, suggests that increased body fat percentage and decreased muscle and bone are likely to be age-related changes. 47) In the assessment of muscle mass, more specifically muscle mass in the upper limbs, arm muscle circumference peaked in males in their 30s to 40s and in females aged around 50 in JARD 2001, whereas muscle mass in the right and left arms started to slowly decrease in the 30s for males and 50s for females in both the present evaluation and AMC in JARD 2001, with both parameters showing a similar trend. Although muscle mass in legs was generally stable in both sexes in the present evaluation, leg circumference peaked in males in their 30s to 40s and decreased with age in females in JARD2001. This difference might be attributable to the fact that leg circumference reflects both muscle and fat in the lower limbs.
Thigh muscles are the largest voluntary muscles, with muscle mass significantly affecting ADL. 48) Thigh muscle mass was not assessed in JARD 2001, but was included in the present evaluation. Both the thigh muscle mass and quadriceps muscle mass decreased with age in males and peaked in females in their 40s. Males had a rapid decrease in their 60s. WBI also decreased with age in both sexes. measure changes in body composition over time, the standard body fat percentage classified by age and its relationship to certain diseases are issues to be addressed. While the degree of decrease in bone density from the mean in adults aged between 20 and 44 [Young adult mean (YAM)] is used to make a diagnosis of osteoporosis in daily practice, it may be important from the perspective of anti-aging to maintain body fat percentage even in the 20s to 30s age brackets. Thigh muscle mass and WBI are applicable to the assessment of muscle mass in the middle-aged and elderly, i.e. muscle mass required to maintain and enhance ADL, as well as anti-aging muscle training. In addition, these parameters may be applicable to the assessment of recovery in rehabilitation of afflicted limbs, as muscle mass on the right or left sides can be assessed separately.
In the present data of the bone mass in women, the decrease after 50 years old seemed rather mild and different from the socalled rapid decrease peculiar to the post-menopausal women.
Concerning the apparatus used, the measured values of body fat amount were verified by the underwater weight method and the values of muscle mass were verified by the MRI method, however, the values of bone mass, water content and basal metabolic rate were secondarily calculated by using these measured values. The values of bone mass were dependent with muscle mass, and the errors can be larger if the decrease of bone mass is prominent compared with changes of muscle mass. We have to be careful for interpretation of the results of bone mass in the post-menopausal women. Another point is a problem of sampling that more than half were measured in the sports gyms. In these samples, the physical activity is higher, keeping the ovary function high and the post-menopausal decrease of the bone mass may be mild compared with general women. 
